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Description 

This invention relates to an article for the controlled delivery of an active sut)stance, comprising a hdlow 
space fully enclosed by a wall and filled In full or in part with one or more active substances, said wali being 

5 made using a biodegradable polymeric material permeable to the active substance. 

For the controlled delivery of active substances articles have been developed showing a great diversity 
In shape, sizes and other properties capable of affecting the rate of delivery of an active substance from the 
the usability of the article. Particularly the selection of the material of which the artide is made can lately 
affect the final possibilities of using the artide. On the basis of the nature of the materials used, which are 

10 often polymeric materials, it is possible to divide the articles for the conb-olled delivery, which, among other 
things, are intended for use in man and animal, into two groups. On the one hand, there are the artides made 
of materials that cannot be broken down in the body. After the active substance has been delivered, the artide 
must be removed, which may be regarded as a drawback. On the other hand, there are the articles on the 
basis of (bio)degradable materials. When the active substance has been delivered In full or in part a breakdown 

15 of the artide Into components innocuous to the organism occurs so that removal of the artide Is no longer 
necessary. 

■Hydrogels and Biodegradable Polymers for the Controlled Delivery of Drugs" by N.B, Graham and D.A. 
Wood in Polymer News. 1982, Vol. 8. pages 230-236, disdoses all kinds of delivery systems on the basis of 
biodegradable polymer substrates charged with active substance, which polymer substrates, among other 

20 things, can be subdermally applied to man and animal. Such delivery systems may have the form of. e.g., sphe- 
rical partides. These partides consist of btodegradable matrices surrounding the active substance. Such a 
delivery system, however, has the drawback that the partides can hardly, if at all. be surgically removed when 
the active substance would not be accepted. The same drawback is connected with other delwery systems 
referred to in this artide, such as microcapsules having an average size of 5 to 50 \sm. The above artide by 

25 N.B. Graham and DA. Wood further mentions films as delivery system. Such fUms. however, have the draw- 
back that a subdermal use thereof requires a surgery, which is considered laborious and may also Invohre cer- 
tain risks. 

The usability of an artide is not exdusively determined by the possibility of breakdown of the artide after 
delivery of the active substance. Also the possibilities of a proper control of the rate of delwery of the active 
30 substance are important when designing an article. Because in many cases the active substance will be re- 
leased by a diffusion process, the material selection may again be a decisive factor for the delivery properties 
finally obtained by the artide. Besides. It Is also possible to affect the delivery properties by varying the shape 
and sizes of the artide. 

•Sustained Drug Delivery Systems II: Factors Affecting Release Rates from poly-s-caprolactone and Re- 
35 lated Biodegradable Polyesters* by C.G. Pitt et al in J. Pharm. Sc., Vol. 68. No. 12. 1979, pages 1534-1538, 
disdoses films on the basis of homo- and copolymers of e-caprolactone. DL-lactic acid and glycollc acW. With" 
regard to the microcapsules on the basis of poly-e-capro lactone described in this artide and in U.S. Patent 
No. 4.148,871 of C.G. Pitt et al (1986) it is particularly advanced that these are prepared by melt extrusion, 
afterwhich the ends of the resulting hollow tube are dosed afterf illing with the medidne. These microcapsules, 
40 however, have the drawback that the rate of delivery of the medidne per unit of area, which is adjustable by 
varying the wall thickness of the hollow lube, can only be changed to a very limited extent, e.g., by a factor of 
2to3. 

For the delh^ery of active substances having a high moleqular weight. European Patent Application No. 
86402527.5 (Porous bioadsorbable polyesters, 1986) of A. Schindler describes the development of a porous 
45 degradable fibre made of polymer. 

-Ck)ntrolled Release Technologies: Methods, Theory and Applications". Vol. II. by A.F. Kydonieus, page 165 
ff., ORG Press. Inc., disdoses the use of hollow fibres for the delivery of insect feromones. Further, "Hdlow 
Fibers as an Oral Sustained-Release Delivery System" by MA. Hussain et al in Pharm. Res., Vol. 6, No. 1, 
1989. pages 49-52. describes the delivery of Phenyl Propanolamine (PPA) from hollow fibres. As indicated, 
so however, such hollow fibres are open on one side so that they are unsuitable for the controlled delh^ery of med- 
icines in a subdermal or other use in man and animal. 

The object of this invention is to obtained an improved artide for the controlled delivery of an active sub- 
stance which does not have the above drawbacks. 

According to this invention an artide of the type referred to in the opening paragraph is provided which 
55 is characterized in that the wall is composed mainly of a combination of at least two different pdymeric mate- 
rials in which one polymeric material Is permeable to the active substance and is degradable and the other 
polymeric material is relatively poorly permeable to the active substance and Is degradable and the conveyor 
path for the delivery of the active substance from the hdlow space to the surroundings of the artide is a con- 
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tinuous distance leading at least through the polymeric material permeat>le to the acth/e sut>stance. 

The article according to this invention is a hollow article made of a combination of biodegradat)le polymers, 
in which article the hollow space may contain a pure active sut)stance. a dilute form or a dispersion of this 
sut)stanc6 in a matrix and the ends, edges etc of the article are closed. 

The biodegradable polymers to be used for the hollow article may be polyesters such as polylactic acid, 
polyglycolic add, poly(e-caprQlactone), poly(^hydroxybutyric add), poly(hydroxyvalerate), pdy(orthoesters), 
poly(a-amino adds), induding esters of polyglutamic add and finally polydepsipeptides, polyanhydrides and 
pdyphbsphazenes. Moreover, all the (co)polymers derived from the above polymers may be used, induding 
block copolymers and stereo complexes of polymers formed from optically. active monomers from the above 
groups. 

When the arttole according to this invention is used subdermally. use is prefmbly made of (co)polymers 
that are pnaperly degradable and do not give body-foreign products and/or toxic by-products after or during 
degradation. Examples thereof are polylactic acid, poly(^hydroxybutyric add), poly(e-caprolactone), pdy(a- 
amino acids) as well as derived (co)polymers. 

The hollow artides used may have such shapes and such sizes that in human use they can be applied 
subdermally without problems in accordance with generally accepted guidelines. Consequently, the artides 
made according to this invention may be injectable so that a surgery need not take placa Because the artides 
according to the invention preferably have a length up to 5 cm, they can be easily traced. When used veteri- 
narily, the sizes of the artide may be considerably larger. 

In the hollow space of the articles various acth/e substances can be used, such as medicines, hormones 
and related products. When Inserted, the artides according to the invention deliver the active substance to 
the body for a certain period of time which may vary, e.g., from 1 week to some years. According to this invention 
the delivery period and the delivery rate of the active substance used can be easily adjusted by adaptation to 
the structure of the artide. 

The biodegradable article according to this invention charged with active substance can be used in agri- 
culture and horticulture, in which insecticides, feromones, repetlants. and related products may be used as the 
active substances. 

The hollow artides used according to this invention consist of a combination of two or more polymeric ma- 
terials having different permeabilities to the active substance. For the purpose of illustration a combination of 
two pdymers will be described hereinbelow. Moreover, by way of example in this specification, the artide for 
the controlled delivery will have the form of a hdlow tube . Thus starting firom a combination of two polymers, 
a first polymer w9l have to show a relatively high permeability to the active substance, whQe the second polymer 
has a relatively low to very low permeability to the active substance. 

The hdlow tubes used according to the invention may be made by means of the fdlowing techniques: 

a) coextruslon of the two polynmrs in the melt 

b) melt extrusion of one of the two polymers followed by dipcoating with a solution of the other polymeric 
material from a suitable sdution, 

c) successive dipcoating with two solutions of the polymers. 

To a). In case of coextrusion two molten polymeric materials are simultaneously pressed through an in- 
jection moulding nozzle via separated feeding systems. This injection moulding nozzle consists of two or 
more composed ducts or openings. The interior of the inner duct Is a hollow needle through which Inert 
gas can be injected via a separated feeding system. By selecting such a suitable construction of the in- 
jection moulding nozzle, hollow tubes can be formed having compact walls. The wall is made of a compo- 
sition of the different polymeric materials. Figs, la and b, 2, and 3a and b schematically show examples of 
the structure of the cross-section of different types of hoDow hjbes. 

Figs. 1a and b show how a polymeric layer poorly permeable to the active substance partially covers 
the interior or the exterior of the highly permeable layer. By varying the surface coated with poorly per- 
meable polymer the rate of delivery of the active substance can be adjusted. 

Fig. 2 schematically shows another cross-section of a hollow tube of a polymer substantially imperme- 
able or poorly permeable to the acth^e substance, in which a portion of the wall is replaced by a polymer 
permeable to the active substance. By varying the surface rati'o of permeable/poorly permeable polymer 
the rate of delivery can be adjusted. 

Figs. 3a. b finally show a schematic cross-section of a hollow tube having a wait consisting of a com- 
position of more than two layers permeable and poorly permeable to the active substance. By thus forming 
the structure of the wall of the hollow tube not only the avail abe surface through which delivery of the 
active substance may occur, but also the distance over which the active substance must diffuse through 
the permeable layer is consklerably extended. This may provide an additional possibaity of contrdling the 
level of delh/ery of the active substance. 
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To b). In case of melt extrusion followed by dipcoating a hollow tube having the desired wall structure is 
made in a multistage process. In stage 1 a hollow tube is made of permeable polymer by means of melt 
extrusion. In stage 2 the hollow tube is passed through a solution of poorly permeable polymer in a suitable 

5 solvent. By evaporation of the solvent under the proper condi^ons a hollow tube is formed having at its 
exterior a compact layer of poorly permeable polymer. Stage 2 can be repeated some times, If required. 
FinaUy. In stage 3 a portion of the outer layer is removed (e.g., cutting or perforating) to such an extent as 
to obtain the desired level of delivery of active substance (schematic cross-section shown in Fig. la). If 
required, prior to carrying out stage 2, the hollow tube made In stage 1 can be partially covered, followed 

10 by removing this cover after carrying out stage 2. Thus, an article having the same structure will be ob- 

tained. 

It is also possible to obtain a hollow tube having several permeable and poorly permeable layers by 
applying further dipping, drying and cutting procedures after stage 3. 

Toe). Both the compact permeable layer(s) and the poorly permeable layer(s) are made by means of the 
15 dipcoating technique described. By a proper combination of dipping, drying and cutting procedures hollow 
tubes are obtainable having the structures shown in Figs, la, b and 3a, b. When making hollow tubes by 
means of the dipcoating process, the hollow tube nrtust be supported by a metal, glass or plastic rod. 
The hollow hjbes made in the following examples have been made by means of the techniques mentioned 
under a), b). and c). 

20 The article for the controlled delivery of active substance according to the invention has the following ad- 
vantages: 

- the rate of delivery of an active substance from the article is easily adjustable by means of the structure 
of the article, using two or more biodegradable polymeric materials; 

- if desired, depending on, e.g., the wishes regarding the level of delwery. the article is degradable in parts 
25 during the period of implantation or degradable only after the active substance has been deih/ered conv 

pletely; 

- the article is suitable for the optimum delivery of various types of medicines and other compounds. 

If the article according to the invention is intended for subdermal use, it can be readily made via known per 
se techniques in a form in which 
30 - the article can be easily applied subdermally by means of injection so that a surgery is superfluous and 
can be 

- easily removed if it turns out that the patient does not endure the medicine. 

Further to the above, it may be observed that the rate of delivery of the active substance is also adjustable 
by affecting the difference in permeability to the active substance within the employed combination of the at 

35 least two polymeric materials by adjustment of the pore structure of the polymeric materials in the article. 

With reference to the accompanying drawing, which shows a number of tubular structures of the arttele. 
the Invention can be further illustrated by the following examples. In the examples the delivery properties of 
hollow tubes are determined by using the steroid norgestrel. The values given In the following examples for 
the delivery of norgestrel were measured as follows: 

40 The hollow tubes were cut to lengths of 4 cm and filled with a 30 wt% dispersion of norgestrel castor 

OH. The ends of the filled tubes were sealed with acrylate glue impermeable to the hormone and then placed 
in glass vessels filled with 250 ml distilled water. Delivery experiments were carried out at ST^C with continuous 
stirring (1 50 rpm) for a period of 6 months. The delivery of the norgestrel was measured spectrophotometricalty 
at an absorption maximum of 247 nm. 

45 The materials used for composing the hollow tubes were the polymer poly-Uactic add poorly permeable to 
norgestrel and the permeable polymer poly-e-caprdactone, which materials are shown in the drawing by 1 and 
2. respectively. 

Example I 

50 

PREPARATION OF ARTICLE 

By coextrusion of poly-e-caprolactone (Mv 50,000) at TO'C and poly-L-lactic acid (Mv 180,000) at 190°C 
a hollow tube was made having an external diameter of 1.5 mm and a total wall thickness of 180 ^m. During 
65 extrusion a dry nitrogen atmosphere was maintained In the extruder. The poly-L-iactic add covered 4/5 of the 
inner wall of the hdlowtube consisting substantially of pdy-s-caprdactone (a schemata cross-section is shown 
in Fig. lb). The layer thickness of the poly-L-lactic add was 20 ^m. Likewise made by extrusion were hollow 
tubes of poly-e-caprolactone without a poly-L-lactic add coating and hollow tubes internally covered completely 
with poly-L-lactic add. 

4 



EP 0 514 406 B1 



DSLZVSKY OF N0R6ESTREL FROM TBE 

hollow tube 

tube 

uncoated 

coated 

delivery 21.5 ±2.0 

[\ig/cm tube. day] 

Example II 

PREPARATION OF ARTICLE 

Poly-£>caprolactone (Mv 50.000) was extruded at 70''C to form a tube having an externa) diameter of 1.5 
mm and a wait thickness of 140 pm. By means of dipping Into a 5 wt% polymer solution of pdy-L-lactic acid 
(Mv 130,000) in dioxane and sut>sequent evaporation of the solvent samples having a length of 40 mm were 
provided exteriorly at room temperature with a poly-L-lactic acid coating having a thickness of 20 nm. Then 
1/5 of the poly-L-lactic acid coating was removed by cutting (a schematic cross>section is shown in Rg. 1a). 
For the delivery tests there were also made a hollow tube of poly-E-caprolactone uncoated with poly-L-lactic 
acid and a hollow tube of poly-E-caprolactona completely coated with poly-L-lactic add. Solvent residues were 
removed by an extensive flushing and drying procedure. 

DELZVERY OF K0R6ESTRSL FROM TBE HOLLOW TUBES KM>£ 

hollow tube hollow tube hollow 

tube 

uncoated con^l. coated 4/5 

coated 

delivery 23.0 ± 3.1 0.05 ± 0.01 5.0 ± 0.6 
[^g/cm tube. day) 

Example III 

PREPARATION OF ARTICLE 

A Teflon rod having a diameter of 1 mm was dipped at room temperature into a 10 wt% polymer solution 
of poly-L-laclic add (Mv 50,000) in dioxane. After evaporation of the solvent. 1/4 of the polymeric layer was 
removed, followed by dipping into a 1 0 wt% solution of poly-s-caprolactone (Mv 50.000) in dioxane. After evap- 
oration the rod was dipped once more into the solution of poly-L-lactic add in dioxane. After evaporation. 1/4 
was again removed from the exterior layer of pdy-L-lactic add. Fig. 3a shows a schematic cross-section of 
the hollow tube after removal from the Teflon rod. The thickness of the different layers was about 30 pm. The 
outside diameter of the hollow tube was 1.1 mm. Similarly, a hdlow tube was made without a third layer of 
pdy-L-lactic add. Solvent residues were removed by an extensh^e flushing and drying procedure. 

DSLZVSRY OF HORGSSTRSL FROM THE HOLLOW TUBES MADE 

2-layered article 3-layered 
article delivery 31.5 ± 4.2 • 1.5 ± 0.03 • 

(M/cm tube. day) 

Fig. 2 shows a tubular struchire in which the wall portion 1 formed from relatively poorly permeable poty- 



BOLLOW TUBES MADE 

hollow tube hollow 

compl . coated 4/5 

0.1 ± 0.03 4.8 ± 0.5 
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meric material and the wall portion 2 formed from relatively permeable polymeric material are composed to 
form a one-layered wall. A wall of this type is also made by forming the wall completely from the relative per- 
meable material having disfributed therein fewer or more large particles from the relatively poorly permeable 
polymer. 

The difference in permeability to the active substance of the at least two polymeric materials of which the 
wall of the article is to be made may vary within very broad limits and is determined by the final object in con- 
junction with the nature of the active substance{s) for controlled delivery. 
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Claims 



1 . An article for the controlled delivery of an active substance, comprising a hollow space fully enclosed by 
a wall and filled in fuD or In part with one or more active substances, said wall being made using a biode- 
gradable polymeric material permeable to the active substance, characterized In that the wall is com- 
posed mainly of a combination of at least two different polymeric materials in which one polynwric material 
is permeable to the active substance and is degradable and the other polymeric material is relatively poor- 
ly permeable to the active substance and is degradable and the conveyor path for the delivery of the ac- 
tive substance from the hollow spdce to the surroundings of the article is a continuous distance leading 
at least through the polymeric material permeable to the active substance. 

2. An article as claimed in daim 1, characterized in that the article may have different geometric forms. 

3. An article as claimed in claims 1-2, characterized in that it is geometrically based on a hollow tube formed 
from two polymeric materials in which the polymeric material permeable to the active substance and the 
relatively poorly permeable polymeric material are each individually formed to a wall portion, said wall 
portions being composed as a two-layered laminate whUe enveloping each other in partially overlapping 
position to form the wall of the article. 

4. An artide as daimed in daim 3, characterized in that the polymeric material permeable to the active sub- 
stance and the relatively poorly permable pdymeric material are composed to form the wall of the artide 
on the basis of a laminate of more than two layers each individually composed of one of the polymeric 
materials, said layers enveloping each other in a partially overlapping position. 

5. An artide as daimed in daim 3. characterized in that the individual wall portions of the polymeric material 
permeable to the active substance and the material relative poorly permeable to the active substance 
are composed to a one-layered wall. 

6. An artide as daimed in daim 1 . characterized in that the combination of at least two different polymeric 
materials is selected from the group of the biodegradable polymers consisting of polyesters, such as poly- 

^ lactic add. polyglycollc add, pdy(e-caprolactone), poly(p-hydroxybutyrlc add), poly(hydroxyvalerate), 

poly(orthoesters); poly(a-amino acids), including esters of polyglutamic acid, polydepsipeptides, polyan- 
hydrides and polyphosphazenes and alt the polymers derived therefrom, co- or block copolymers and ster- 
eo complexes of pdymers formed from optically active monomers from the above groups. 

45 7. An artide as daimed in daims 1-6, characterized in that the active substances are pharmaca. 

8. An artide as daimed In daim 6. characterized in that the active substances are cytostatics. 

9. An artide as daimed in daims 1-6. characterized in that the active substances are hormones. 

^ 10. An artide as daimed in daims 1-6. characterb^ed in that the active substances are peptides. 

11. An artide as daimed in daims 1-6, characterized In that the active substances are insecticides, herbi- 
ddes, feromones or repellents. 

« 1i An arUde as daimed in daims 3-11. characterized in that the outside diameter of the hollow tube is not 
more than 5 mm and the length is not more than 10 cm. 

1 3. An artide as claimed in claim 12, characterized in that for human application the outside diameter of the 
hollow tube is 1.8 mm and the length is 4 cm and for veterinary application the outside diameter of the 
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hollow tube is 3 mm and the length is 5 cm. 

14. An article as claimed in dalms 1-13, characterized in that the difference in permeability to the active 
substance is affectable within the employed combination of the at least two polymeric materials by ad- 
justment of the mutual relative porosity of the at least two polymeric materials. 



Patentanspruche 

1. Artikel zur geregelten Abgabe einer alctiven Substanz, welcher etnen vollstandrg durch eine Wand elnge- 
schlossenen und ganz Oder teSweise mit einer Oder mehreren aktlven Substanzen gefullten Hohliaum ent- 
hSit wobei die Wand unter Verwendung eines biologisch abbaubaren. pdymeren. fur die aktive Substanz 
durchlSssigen Materials hergestellt ist, dadurch gekennzeichnet, dass die Wand hauptsSchlich aus einer 
Komblnatnn von mindestens zwel verschiedenen polymeren Materialien besteht von denen ein polyme- 
res Material fur die aktive Substanz durchtassig ist und abbaubar ist und das andere polymere Material 
fur die aktive Substanz verhaltnismassig schlecht durchlassig ist und abbaubar ist, und der Beforderungs- 
weg fur die Abgabe der aktiven Substanz aus dem Hohlraum an die Umgebung des Arttkels eine konti- 
nuierliche Strecke ist, welche mindestens durch das fur die aktive Substanz durchiassige polymere Ma- 
terial fuhrt 

2. Artikel nach Anspr uch 1 , dadurch gekennzeichnet, dass der Artikel verschiedene geometrische Formen 
aufweisen kann. 

3. Artikel nach den AnsprGchen 1-2, dadurch gekennzeichnet, dass er geometrisch auf einem hohlen Rohr 
basiert, das gebildet ist aus zwei polymeren Materialien, wobei das fur die aktive Substanz durchlassige 
Material und das verhaltnismassig schlecht durchlassige Material jedes einzein zu einem Wandai^hnitt 
geformt wird, welche Wandabschnitte als zweflagiger Schichtstoff zusammengesetzt sind. w3hrend sie 
einander in teDweise Qbertappender Steliung umgeben, um die Wand des Artikels zu bilden. 

4. Artikel nach Anspruch 3, dadurch gekennzeichnet, dass das fur die aktive Substanz durchlassige poly- 
mere Material und das verhaltnismassig schlecht durchlassige polymere Material zusammengesetzt sind 
um die Wand des Artikels auf der Basis eines Schichtstoffes aus mehr als zwei Schichten zu bilden. welche 
jede fur sich aus einem der polymeren Materialien besteht. wobei diese Schichten einander in teilweise 
uberlappender Steliung umgeben. 

5. Artikel nach Anspruch 3, dadurch gekennzeichnet, dass die einzelnen Wandabschnitte des fur die aktive. 
Substanz durchlassigen polymeren Materials und des fur die aktive Substanz verhaltnismassig schlecht 
durchlassigen Materials zu einer einschichtigen Wand zusammengesetzt sind. 

6. Artikel nach Anspruch 1, dadurch gekennzeichnet, dass die Kombination von mindestens zwei verschie- 
denen polymeren Materialien ausgewShlt ist aus der Gruppe der bblogisch abbaubaren Polymeren, be- 
stehend aus Pdyestern, wie Polymilchsaure, Polyglykolsaure, Poly-(E-caprolacton). Poly-0- 
hydroxybuttersflure). Poly-(hydroxyvalerial). Poly-(orthoester); Poly-(a-aminosaure), einschliesslich 
Ester von PolyglutaminsSure, Polydepsipeptide, Polyanhydride und Polyphosphazene und alle davon ab- 
geleiteten Polymere. Co- Oder Block-Copolymere und StereoKomplexe von Polymeren, gebildet aus op- 
tisch akth/en Monomeren aus den obigen Gruppen. 

7. Artikel nach den Anspruchen 1-6, dadurch gekennzeichnet, dass die aktiven Substanzen Arzneimittel 

sind. 

8. Artikel nach Anspruch 6, dadurch gekennzeichnet, dass die aktiven Substanzen Cytostatica sind. 

9. Artikel nach den Anspruchen 1-6. dadurch gekennzeichnet, dass die aktiven Substanzen Hormone sind. 

10. Artikel nach den Anspruchen 1-6, dadurch gekennzeichnet, dass die aktiven Substanzen Peptide sind. 

11. Artikel nach den Anspruchen 1-6. dadurch gekennzeichnet. dass die akth^en Substanzen Insektizide. Her- 
bizide, Ferpmone Oder Phbbiermittet sind. 

12. Artikel nach den AnsprGchen 3-11, dadurch gekennzeichnet, dass der aussere Durchmesser des hohlen 
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Rohres nicht mehr als 5 mm und die LSnge nichl mehr ais 1 0 cm betrdgt 

13. Artikel nach Anspruch 12, dadurch gekennzeichnet dass ifur die Anwendung beim Menschen der aussere 
Durchmesser des hohlen Rohres 1,8 mm und die Lange 4 cm betragt und fur die Anwendung bei Tieren 
der Sussere Durchmesser des hohlen Rohres 3 mm und die Lange 5 cm betrdgt 

14. Artikel nach den Anspruchen 1-13, dadurch gekennzeichnet dass der Unterschled der Durchlassigkeit 
fur die aktive Substanz innerhalb der verwendeten Komblnatton von mindeslens zwel polymeren Mate- 
rialien durch Einstellung der gegenseitigen relative Porosiiat der mindestens zwei polymeren Materialien 
beeinf lussbar ist 



20 



Revendications 

1. Un systems permettant la llbdratfon contr6l6e d'une substance active, comprenant un espace creux en- 
tiferemenl entour* d'une parol, et rempli totalement ou en partie d'une ou plusieurs substances actives, 
ladite parol 6tant r6alis6e k I'aide d'un matSriau polymfere biodegradable permeable d la substance active. 
caract6ris6 en ce que la parol est compos6e principaleement rfune comblnalson d'au moins deux mat6- 
riaux potymferes diff6rents. dont Tun est un mal6riau polymfere perm^ble a la substance active et d6gra- 
dable, et Tautre est un mat6riau polym6re relativement peu permeable a la substance active et d6grada- 
ble, et en ce que la liberation de la substance active depuis Tespace creux vers rext6rieur du syst6me se 
fait par une voie passant au moins, sur une distance continue, d travers le mat6riau polym6re permdable 
^ la substance active. 

2. Un systems selon la revendication 1 . caract6rfs6 en ce que le syst6me peut presenter differentes formes 
geometriques. 

3. Un systems selon la revendication 1 ou 2, caract6ris6 en ce que la forme g6ometrique est celle d'un tube 
creux forme de deux materiaux polymeres, dans laquelle le materiau polymere permeable e la substance 

^ active et le materiau polym6re relativement peu permeable forment chacun individuellement une partie 

de la parol, lesquelles parties de paroi forment un stratifi6 k base de deux couches s'enveloppant Tune 
raulre dans une position de recouvrement partiel pour former la paroi du systems. 

4. Un systeme selon la revendication 3, caracteris6 en ce que le materiau polymere permeable e la subs- 
35 tance active et le materiau polym6re relativement peu permeable sont associes pour former la parol du 

systeme sous forme d'un stratif i6 e base de plus de deux couches chacune indivWuellement etantform6e 
d'un des materiaux polym6res, lesdites couches s'enveloppant Tune I'autre dans une position de recou- 
vrement partial. 

40 5. Un systeme selon la revendication 3. caracterise en ce que les parties indivlduelles de paroi de materiau 
polymere permeable e la substance active et de materiau polymere relativement peu permeable e la subs- 
tance active se composent d'une paroi unicouche. 

6. Un systems selon la revendication 1 , caracterise en ce que la comblnaison d'au moins deux materiaux 
45 polymeres differents est choisie dans le groupe des polym6res biod6gradables consistant en polyesters 

tela que aclde polylactlque, aclde polyglucolique, poly-{e-caprolactone), acide poly-(^hydroxybutyrique). 
poly(hydroxyvaierate). poly(orthoesters), acides poly{a-amines), induant les esters d'acide polyglutami- 
que, polydepsipepUdes. polyanhydrides et polyphosphazenes et tous les polymeres en derivant. les oo- 
polymeres ou les copclymeres sequences ainsi que les stereocomplexes de polymeres formes de mo- 
50 nomeres optiquement actifs de ces groupes. 

7. Un systems selon la revendication 1 e 6, caracterise en ce que les substances actives sont des medica- 
ments. 

8. Un systems selon la revendication 6, caracterise en ce que les substances actives sont des derives cy- 
tostatiques. 

9. Un systems selon la revendication 1 e 6. caracterise en ce que les substances actives sont des hormones. 
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1 0. Un systSme selon la revendication 1 d 6, caract6ris6 en ce que les substances actives sent des peptides. 

11. Un syst^me selon ta revendication 1 a 6, caract6ris6 en ce que les substances actives sont des insecti- 
cides, des herbicides, des ph^romones ou des insectifuges. 

1 Z Un systdme selon la revendication 3 d 11 , caract6ris6 en ce que le diamdtre ext6rieur du tube creux n'est 
pas supdrieur a 5 mm et la longueur n'est pas sup6rieure d 10 cnt 

13. Un systftme selon la revendication 12. caract6ri$6 en ce que, pour une application humaine. le diam&tre 
ext6rieur du tube creux est de 1 ,8 mm et la longueur est de 4 cm, et pour une application v6l6rinaire, le 
diamfttre ext6rieur du tube creux est de 3 mm et la longueur est de 5 cm. 

14. Un systfeme selon Tune des revendication 1 d 13. caract6ris6 en ce que la difference de perm6abDit6 ^ 
regard de la substance active peul filre modif i6e. pour la combinaison employee de mat6riaux polym^xes, 
torsqu'lls sont au moins au nombre de deux, par ajustement de la poroslt6 relative mutuelle desdits au 
moins deux mat6riaux polym&res. 
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Description 

This invention relates to an artide for the controlled delivery of an acUve substance, comprising a hollow 
space fully enclosed by a wall and filled in fiill or In part with one or more active substances, said wall being 
made using a biodegradable polymeric material permeable to the adh^e substance. 

For the controlled delivery of active substances articles have been developed showing a great diversity 
in shape, sizes and other properties capable of affecting the rate of delh^ery of an active substance from the 
the usability of the article. Particularly the selection of the material of which the article is made can largely 
affect the final possibBities of using the artide. On the basis of the nature of the materials used, which are 
often polymeric materials, it is possible to divide the artides for the controlled delivery, which, among other 
things, are intended for use in man and animal, into two groups. On the one hand, there are the articles made 
of materials that cannot be brolcen down in the body. After the active substance has been delivered, t he artide 
must be removed, whldi may be regarded as a drawbadc On the other hand, there are the artides on the 
basis of (bio)degradable materials. When the active substance has been delivered infull or in part, a breakdown 
of the artide into components innocuous to the organism occurs so that removal of the artide is no longer 

necessary. » ^ u ^ r\ a 

-Hydrogels and Biodegradable Polymers for the Controlled Delivery of Drugs" by N.B. Graham and DJK. 
Wood in Polymer News. 1982. Vol. 8, pages 230236. disdoses all kinds of delivery systems on the basis of 
biodegradable polymer substrates charged with active substance, which polymer substrates, among other 
things, can be subdermaily applied to man and animal. Such delivery systems may have the form of. e.g.. sphe- 
rical partides. These partides consist of biodegradable matrices surrounding the active substance. Such a 
delivery system, however, has the drawback that the partides can hardly, if at all. be surgically removed when 
the active substance would not be accepted. The same drawbadc is connected with other delivery systems 
referred to in this artide. such as microcapsules having an average size of 5 to 50 ^rn. The above artide by 
N B Graham and D.A. Wood further mentions films as delh^ery system. Such films, however, have the draw- 
badc that a subdermal use thereof requires a surgery, which is considered laborious and may also involve cer- 
tain risks. . ^ ** 

The usability of an artide is not exdusively determined by the possibility of breakdown of the artide after 
delivery of the active substance. Also the possibflities of a proper control of the rate of delivery of the active 
substance are important when designing an artide. Because In many cases the active substance will be re- 
leased by a diffusion process, the material selection may again be a decisive factor for the delivery properties 
finally obtained by the artide. Besides, it is also possible to affect the delivery properties by varying the shape 
and sizes of the artide. , ^ 

•Sustained Drug Delivery Systems II: Factors Affecting Release Rates from poly-e-caprolactone and Re- 
lated Biodegradable Polyesters" by C.G. Pitt el al in J. Pharm. Sc. Vol. 68. No. 12, 1979. pages 1534-1538 
disdoses films on the basis of homo- and copolymers of e-caprolactone, DUactic acid and glycdic acid. With 
regard to the microcapsules on the basis of poly-e-caprolactone described in this artide and in U.S. Patent 
No 4 148 871 of C.G. Pitt et al (1986) it is particularly advanced that these are prepared by melt extrusion, 
after which the ends of the resulting hollow lube are dosed af terf illing with the medidne. These microcapsules, 
however, have the drawback that the rate of delivery of the medidne per unit of area, which is adjustable by 
varying the wall Ihidcness of the hollow tube, can only be changed to a very limited extent, e.g.. by a factor of 
2 to 3 

For the delivery of active substances having a high molecular weight. European Patent Application No. 
86402527.5 (Porous bioadsorbable polyesters. 1986) of A. Schindler describes the development of a porous 
degradable fibre made of polymer. 

•Controlled Rdease Technologies: Methods, Theory and Applteations". Vol. II. by A.F. Kydonieus. page 165 
f f., CRC Press. Inc. disdoses the use of hollow fibres for the delivery of insect feromones. Further, "Hollow 
Fibers as an Oral Sustained-Release Delivery System" by M.A. Hussain et al in Pharm. Res.. Vol. 6. No. 1, 
1989. pages 49-52. describes the delivery of Phenyl Propanolamine (PPA) from hollow fibres. As indicated, 
however, such hollow fibres are open on one side so that they are unsuitable for the contrdled delivery of med- 
icines in a subdermal or other use in man and animal. 

The object of this invention is to obtained an improved artide for the controlled delivery of an active sub- 
stance which does not have the above drawbacks. ^ u- k 

According to this Invention an artide of the type referred to in the opening paragraph is provided which 
is characterized in that the wall is composed mainly of a combination of at least two different polymenc mate- 
rials in which one polymeric material is permeaWe to the active substance and is degradable and the other 
polymeric material is relatively poorly permeable to the active substance and is degradable and the conveyor 
path for the delivery of the active substance from the hollow space to the surroundings of the article is a con- 
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tinuous distance leading at least through the polymeric material permeable to the acth^e substance. 

The article according to this invention is a hollow article made of a combination of biodegradable polymers, 
in which article the hollow space may contain a pure active substance, a dilute form or a dispersion of this 
substance in a matrw and the ends, edges etc. of the article are dosed. - 

The biodegradable polymers to be used for the hollow article may be polyesters such as polylactic acid, 
polyglycolic acid, poly(6-caprolactone), polyO-hydroxybutyric acid), poly(hydroxyvalerate). poly(orthoesters), 
poly(a-amino adds), induding esters of polyglutamic acid and finally polydepsipepttdes, polyanhydrides and 
poiyphosphazenes. Moreover, all the (co)polymers derived from the above polymers may be used, induding 
block copolymers and stereo complexes of polymers formed from optically active monomers from the above 
groups. 

- When the artide according to this Invention is used subdermally, use is preferably made of (co)polymers 
that are properly degradable and do not give body-foreign products and/or toxic by>products after or during 
degradation. Examples thereof are polylactic acid. polyO-hydroxybutyric add), poly(E-caprolactone), poly(a- 
amino acids) as well as derived (co)poiymers. 

The hoHow artides used may have such shapes and such sizes that in human use they can be applied 
subdermally without problems in accordance with generally accepted guidelines. Consequently, the artides 
made according to this invention may be injectable so that a surgery need not take place. Because the artides 
according to the invention preferably have a length up to 5 cm. they can be easily traced. When used veteri- 
narily. the sizes of the artide may be considerably larger. 

in the hollow space of the artteles various active substances can be used, such as medidnes, hornrtones 
and related products. When inserted, the artides according to the Inventfon deliver the acth^e substance to 
the body for a certain period of time which may vary, e.g.. from 1 week to some years. According to this invention 
the delivery period and the delivery rate of the active substance used can be easily adjusted by adaptatton to 
the structure of the artide. 

The biodegradable article according to this invention charged with active substance can be used (n agri- 
culture and horticulture, in which insecticides, feromones. repeilants, and related products may be used as the 
active substances. 

The hollow artides used according to this invention consist of a combination of two or more polymeric ma- 
terials having different permeabilities to the acth/e substance. For the purpose of lllustratton a combination of 
hiMO pdymers will be described hereinbetow. Moreover, by way of example in this specification, the artide for 
the controlled delh^ery will have the form of a hollow tube . Thus starting from a combination of two polymers, 
a first polymer wQI have to show a relatively high permeability to the active substance, while the second polymer 
has a relatively low to very low permeability to the active substance. 

The hdlow tubes used according to the invention nray be made by means of the following techniques: 

a) coextrusion of the two polymers in the melt 

b) melt extrusion of one of the two pdymers followed by dipcoating with a solution of the other pdymeric 
material from a suitable sdution, 

c) successive dipcoating with two solutions of the polymers. 

To a) . In case of coextrusion two mdten polymeric materials are simultaneously pressed through an in- 
jection moulding nozzle via separated feeding systems. This injectton moulding nozzle consists of two or 
more composed ducts or openings. The interior of the Inner duct Is a hollow needle through which inert 
gas can be injected via a separated feeding system. By selecting such a suitable construction of the in- 
jection moulding nozzle, hollow tubes can be formed having compact wails. The wall Is made of a compo- 
sition of the different pdymeric materials. Figs, la and b, 2. and 3a and b schematically show examples of 
the structure of the cross-section of different types of hoUow tubes. 

Figs. 1a and b show how a polymeric layer poorly permeable to the active substance partially covers 
the interior or the exterior of the highly permeable layer. By varying the surface coated with poorly per- 
meable polymer the rate of delivery of the active substance can be adjusted. 

Fig. 2 schematically shows another cross-section of a hollow tube of a polymer substantially imperme- 
able or poorly permeable to the active substance, in which a portion of the wall is replaced by a polynter 
permeable to the active substance. By varying the surface ratio of permeable/poorly permeable pdymer 
the rate of delivery can be adjusted. 

Figs. 3a. b finally show a schematic cross-section of a hollow tube having a wall consisting of a com- 
position of more than two layers permeable and poorly permeable to the active substance. By thus forming 
the structure of the wall of the hollow tube not only the avaQabe surface through which delivery of the 
active substance may occur, but also the distance over which the active substance must diffuse through 
the permeable layer is considerably extended. This may provide an addidonal possibDity of cohtrdling the 
level of delivery of the active substance. 
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Tob). In case of melt extrusion followed by dlpcoatlng a hollow tube having the desired wall structure is 
made in a multistage process. In stage 1 a hollow tube is made of permeable polymer by means of melt 
extrusion. In stage 2 the hollow tube is passed through a solution of poorly permeable polymer in a suital)le 

5 soh^ent By evaporation of the solvent under the proper conditions a hollow tube is formed having at its 

exterior a compact layer of poorly permeable polymer. Stage 2 can be repealed some times, if required. 
Finally, in stage 3 a portion of the outer layer is removed (e.g.. cutting or perforating) to such an extent as 
to obtain the desired level of delivery of active substance (schematic cross-section shown in Fig. la). If 
required, prior to carrying out stage 2, the hollow tube made in stage 1 can be partially covered, followed 

10 by removing this cover after carrying out stage 2. Thus, an article having the same structure will be ob- 

tained. 

It is also possible to obtain a hollow tube having several permeable and poorly permeable layers by 
applying further dipping, drying and cutting procedures after stage 3, 

Toe). Both the compact permeable Iayer(s) and the poorly permeable layer(s) are made by means of the 
15 dipcoating technique described. By a proper combination of dipping, drying and cutting procedures hollow 
tubes are obtainable having the structures shovwi in Figs. la. b arid 3a. b. When making hollow tubes by 
means of the dipcoating process, the hoHow tube must be supported by a metal, glass or plastic rod. 
The hollow tubes made in the following examples have been made by means of the techniques mentioned 
under a), b), and c). ^ 
20 The article for the controlled delwery of active substance according to the Invention has the following ad- 
vantages: 

- the rate of delivery of an active substance from the artide is easily adjustable by means of the structure 
of the article, using two or more biodegradable polymeric materials; 

- if desired, depending on. e.g.. the wishes regarding the level of delivery, the article is degradable in parts 
25 during the period of implantation or degradable only after the active substance has been delivered com- 
pletely; 

- the artide is suitable for the optimum delivery of various types of medicines and other compounds. 

If the artide according to the invention is Intended for subdermal use. it can be readily made via known per 
SB techniques in a form in which 
30 - the artide can be easily applied subdermally by means of injection so that a surgery is superfluous and 

can be 

- easily removed if it turns out that the patient does not endure the medicine. 

Further to the above, itmay be observed that the rate of delivery of the active substance is also adjustable 
by affecting the difference in permeability to the active substance wRhin the employed combination of the at 

35 least two polymeric materials by adjustment of the pore structure of the polymeric materials in the artide. 

With reference to the accompanying drawing, which shovre a number of tubular structures of the article, 
the invention can be further illustrated by the following examples. In the examples the delivery properties of 
hollow tubes are determined by using the steroid norgestrel. The values given in the following examples for 
the delivery of norgestrel were measured as follows: 

40 The hollow tubes were cut to lengths of 4 cm and filled with a 30 v/t% dispersion of norgestrel castor 

on. The ends of the filled tubes were sealed with acrylate glue Impermeable to the hornwne and then placed 
in glass vessels filled with 250 ml distilled water. Delivery experiments were carried out at 37*»C with continuous 
stirring (1 50 rpm) for a period of 6 months. The delivery of the norgestrel was measured spectrophotometrically 
at an absorption maximum of 247 nm. 

45 The materials used for composing the hollow tubes were the polymer poly-L-lactic add poorly permeable to 
norgestrel and the permeable polymer poly-s-caprolactone, which materials are shown in the drawing by 1 and 

^ 2, respectively. 
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Example I 

PREPARATION OF ARTICLE 



By coextrusion of poly-s-caprolactone (Mv 50,000) at TO^C and poly-L-lactic add (Mv 180,000) at 190*>C 
a hollow tube was made having an external diameter of 1.5 mm and a total wall thickness of 180 jim. During 
55 extrusion a dry nitrogen atmosphere was maintained in the extruder. The poly-L-lactic add covered 4/5 of the 
inner wall of the hollow tube consisting substantially of poly-e-caprolactone (a schematic cross-section is shown 
in Fig. lb). The layer thickness of the poly-L-lactic acid was 20 urn. Ukewise made by extrusion were hollow 
tubes of poly-E-caprolactone without a poly-L-lactic acid coating and hollow tubes internally covered completely 
with poiy-L-iactic add. 
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DZI.ZVXR7 OF N0R6ESTREL FROM THE HOLLOW TUBES MADE 

hollow tube hollow tube hollow 

tube 

iincoated conpl . coated 4/5 

coated 

delivery 21.5 ± 2.0 0.1 ± 0.03 4.8 ± 0.5 
[^g/czn tube. day] 



Example M 

PREPARATION OF ARTICLE 

Poly-E-caprolactone (Mv 50.000) was extruded at TO'C to form a tube having an external diameter of 1.5 
mm and a wall thickness of 140 ura By means of dipping into a 5 wt% polymer solution of poly-L-lactIc add 
(Mv 130,000) in dioxane and subsequent evaporation of the solvent, samples having a length of 40 mm were 
provided exteriorly at room temperature with a poly-Uactic acid coating having a thickness of 20 pm. Then 
1/5 of the poly-L-lactic acid coating was removed by cutting (a schematic cross-section is shown in Rg. la). 
For the delivery tests there were also made a hollow tube of pdy-c-caprolactone uncoated with poly-Uactic 
acid and a hollow tube of pdy-E-caprolactone completely coated with pdy-L-iactic add. Sdvent residues were 
removed by an extensive flushing and drying procedure. 

DELIVERY OF M0R6ESTREL FROM THE HOLLOW TUBES MADE 

hollow tube hollow tube hollow 

tube 

uncoated conqpl . coated 4/5 

coated 

delivery 23.0 ± 3.1 0.05 ± 0.01 5.0 ± 0.6 
[jig/cm tube. day) 

Example HI 

PREPARATION OF ARTICLE 



ATeflon rod having a diameter of 1 mm was dipped at room temperature into a 10 wt% polymer solution 
of poly-L-lactic acid (Mv 50,000) in dioxane. After evaporation of the sdvent. 1/4 of the pdymeric layer was 
removed, fdlowed by dipping into a 1 0 wt% solution of poly-e-caprolactone (Mv 50.000) in dioxane. After evap- 
oration the rod was dipped once more into the solution of poly-L-lactic add in dioxane. After evaporation, 1/4 
was again removed from the exterior layer of pdy-L-lactic acid. Fig. 3a shows a schematic cross-section of 
the hollow tube after removal from the Teflon rod. The thickness of the different layers was about 30 jim. The 
outside diameter of the hollow tube was 1.1 mm. Similarly, a hollow tube was made without a third layer of 
poly-L-lactic add. Sdvent residues were removed by an extensive flushing and drying procedure. 

DSLZVERX OF NORGSSTREL FROM THE HOLLOW TUBES MADE 

2-layered article 3-layered 
article delivery 31.5 ±4.2 1.5 ± 0.03 

[^g/cm tube. day I 

Rg. 2 shows a tubular structure in whidi the wall portton 1 formed from rdativdy poorly permeable pdy- 
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meric material and the wall portion 2 formed from relatively permeable polymeric material are composed to 
form a one-layered wall. A wall of this type is also made by forming the wall completely from the relative per- 
meable material having distributed therein fewer or more large particles from the relatively poorly permeable 

polymer. # j.. u*i. 

The difference in permeability to the active substance of the at least two pdynneric matenals of which the 
wall of the article is to be made may vary within very broad limits and is determined by the final object in con- 
junction with the nature of the active substance(s) for controlled delivery. 
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Claims 



1 An article for the controlled delivery of an active substance, comprising a hollow space fully enclosed by 
a wall and filled in full or in part with one or more active substances, said wall being made using a blode- 

15 gradable polymeric material permeable to the active substance, characterized in that the wall is com- 

posed mainly of a combination of at least two different polymeric materials in which one polymenc material 
is permeable to the active substance and is degradable and the other polymeric material is relatively poor- 
ly permeable to the active substance and is degradable and the conveyor path for the delivery of the ac- 
tive substance from the hollow space to the surroundings of the article is a continuous distance leading 

20 at least through the polymeric material permeable to the active substance. 

2. An article as claimed in daim 1 . characterized m that the article may have different geometric forms. 

3 An article as claimed in claims 1-2. characterized in that It Is geometrically based on a hollow tube formed 
from two polymeric materials in which the polymeric material permeable to the active substance and the 
relatively poorly permeable polymeric material are each individually formed to a wall portion, said wall 
portions being composed as a two-layered laminate whHe enveloping each other in partially overlapping 
position to form the wall of the article. 

4 An article as claimed in daim 3. characterized In that the polymeric material permeable to the active sub- 
^ stance and the relatively poorly permable polymeric material are composed to form the wall of the artide 

on the basis of a laminate of more than two layers each individually composed of one of the polymenc 
materials, said layers enveloping each other in a partially overlapping position. 

5 An artide as dalmed in daim 3. characterized in that the individual wall portions of the polymeric material 
^ permeable to the active substance and the material relative poorly permeable to the active substance 

are composed to a one-layered walL 

6 An artide as daimed in daim 1 . characterized in that the combination of at least two different polymeric 
materials is selected from the group of the biodegradable polymers consisting of polyesters, such as poly- 

« lactic acid, polyglycolic add. poly(e-caprolactone). polyO-hydroxybutyric acid), poly(hydroxyvalerate). 

poly(orthoesters); poly(a-amino acids), induding esters of polyglutamic acid, polydepslpeptides. polyan- 
hydrides and polyphosphazehes and all the polymers derived therefrom, co- or block copolymers and ster- 
eo complexes of polymers formed from optically active monomers from the above groups. 

45 7. An artide as daimed in daims 1-6. characterized In that the active substances are pharmaca. 

8. An artide as daimed in daim 6, characterized in that the active substances are cytostatics. 

9. An article as daimed in claims 1-6. characterized in that the active substances are hormones. 

^ 10. An arti'de as dakned in daims 1-6, characterized in that the active substances are peptides. 

11. An artide as daimed In daims 1-6. characterized in that the active substances are insectiddes, herbi- 
ddes. feromones or repellents. 

55 12. An artide as daimed in daims 3-11. characterized in that the outsWe diameter of the hollow tube is not 
more than 5 mm and the length is not more than 10 cm. 

13 An artide as daimed in daim 12. characterized in thatfor human application the outside diameter of the 
hollow lube is 1.8 mm and the length is 4 cm and for veterinary application the outside diameter of the 
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hollow tLbe is 3 mm and the length is 5 cm. 

14. An article as claimed in daims 1-13. characterized in that the difference in permeability to the active 
substance Is affectable within the employed combination of the at least two pblynwric materials by ad- 
justment of the mutual relative porosity of the at least two polymeric materials. 



Patentanspruche 

1. Artikel zur geregelten Abgabe einer aktiven Substanz. welcher etnen vollstandig durch etne Wand einge- 
schlossenen und ganz oder teOweise mit einer Oder mehreren aktiven Sut)stanzen gefullten Hohlraum ent- 
halt, wobei die Wand unter Verwendung eines biologisch abbaubaren, pdymeren, fdr die aktive Substanz 
durchl3ssigen Materials hergestellt ist, dadurch gekennzeichnet, dass die Wand haupts§chik:h aus einer 
Kombinatton von mindestens zwei verschiedenen polymeren Materialien besteht» von denen ein polyme- 
res Material fur die aktive Substanz durchlisslg ist und abbaubar Ist iind das andere potymere Material 
fur die aktive Substanz verhaitnismassig schiecht durchlassig ist und abbaubar 1st, und der Beforderungs- 
weg fur die Abgabe der aktiven Substanz aus dem Hohlraum an die Unngebung des Artikels eine konti- 
nuierliche Strecke ist. welche mindestens durch das fur die aktive Substanz durchl3ssige polymere Ma- 
terial fuhrt 

2. Artikel nach Anspruch 1. dadurch gekennzeichnet, dass der Artikel verschiedene geometrische Formen 
aufweisen kann. 

3. Artikel nach den Anspruchen 1-2. dadurch gekennzeichnet, dass er geometrisch auf einem hohlen Rohr 
basiert. das gebitdet ist aus zwei polymeren Materialien. wobel das fur die aktive Substanz durchldsslge 
Material und das verhSItnismSssig schiecht durchl3ssige Material jedes einzein zu einem Wandabschnitt 
gefbrmt wird. welche Wandabschnitte als zweilaglger Schk:htstoff zusammengesetzt sind. wShrend sie 
einander in teflweise Qberiappender Steilung umgeben. um die Wand des Artikels zu bllden. 

4. Artikel nach Anspruch 3, dadurch gekennzeichnet, dass das fur die aktive Substanz durchtSssige poly- 
mere Material und das verhaitnismassig schiecht durchlassige polymere Material zusammengesetzt sInd 
um die Wand des Artikels auf der Basis eines Schichtstoffes aus mehr als zwei Schichten zu bilden. welche 
jede fur sich aus einem der polymeren Materialien besteht. Wobei diese Schichten einander in teilweise 
uberlappender Steilung umgeben. 

5. Artikel nach Anspruch 3, dadurch gekennzeichnet. dass die einzelnen Wandabschnitte des fur die aktive 
Substanz durchlassigen polymeren Materials und des fur die aktive Substanz verhfiKnismdssig schiecht 
durchlassige n Materials zu einer einschichtigen Wand zusammengesetzt sind. 

6. Artikel nach Anspruch 1. dadurch gekennzeichnet. dass die Kombination von mindestens zwei verschie- 
denen polymeren Materialien ausgewahit ist aus der Gruppe der bulogisch abbaubaren Polymeren. be- 
stehend aus Pdyestern, wie Polymilchsaure. Polyglykolsdure, Poly-(6-caprolacton). Poiy-(p- 
hydroxybuttersSure). Poty-(hydrQxyvaleriat). Poly-(orthoe5ter); Poly-(a-aminosSure). einschliesslich 
Ester von PolyglutamlnsSure. Polydepsipeptide. Polyanhydride und Polyphosphazene und alle davon ab- 
geleiteten Polymere. Co- Oder Block-Copolymere und StereoKomplexe von Polymeren, gebildet aus op- 
tisch aktiven Monomeren auis den oblgen Gruppen. 

7. Artikel nach den Anspruchen 1-6. dadurch gekennzeichnet. dass die aktiven Substanzen Arzneimittel 
sind. 

a. Artikel nach Anspruch 6, dadurch gekennzeichnet, dass die aktiven Substanzen Cytostatica sind. 

9. Artikel nach den Anspruchen 1-6, dadurch gekennzeichnet. dass die aktiven Substanzen IHormone sind. 

10. Artikel nach den Anspruchen 1-6, dadurch gekennzeichnet, dass die aktiven Substanzen Peptide sind. 

11. Artikel nach den Anspruchen 1-6. dadurch gekennzeichnet. dass die aktiven Substanzen Insektizide. Her- 
bizide. Ferornone oder Phoblermittel sind. 

12. Arfa'kel nach den Anspruchen 3-11 . dadurch gekennzeichnet dass der aussere Durchmesser des hohlen 
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Rohres nicht mehr als 5 mm und die Lange nicht mehr ate 1 0 cm betragt 

13. Artikel nach Anspruch 12. dadurch gekennzelchnet, dass fOr die Anwendung beim Menschen der aussere 
Durchmesser des hohlen Rohres 1.8 mm und die LSnge 4 cm beWgt und fOr die Anwendung bei Tieren 
der Sussere Durchmesser des hohleh Rohres 3 mm und die l-§nge 5 cm betrfigt 

14. Artilcel nach den Anspruchen 1-13. dadurch gekennzeichnel. dass der Unterschied der DurchlSssigkeit 
fur die aktive Substanz Innerhalb der verwendeten Kombination von mindestens zwei polymeren Mate- 
rialien durch Einstellung der gegenseitigen relative Porositat der mindestens zwel polymeren Matenalien 
beetnf lussbar isL 



Revendlcatlons 



15 



20 



Un systfeme permettantla liberation contr«6e tfune substance active, comprenant un espace creux en- 
tiferement entour* d'une paroi. et rempll totalement ou en partie tfune ou plusieurs substances acttves. 
ladite paroi 6tant r6alis6e ^ I'aide d'un mat6riau polymftre btod6gradable perm6able d la substance active. 
caract6ris6 en ce que la paroi est compos6e principaleement tfune combinaison d'au moins deux rnat6- 
riaux polym6res diff6rents, dent i'un est un mat6riau poiymfere permeable a la substance active etdfegra- 
dable et I'autre est un mat6riau polymfere relativement peu perm6able a ia substance active et d6grada- 
ble et en ce que la lib6ration de la substance active depuls I'espace creux vers rext6rieur du systftine se 
fait par une voie passant au moins. sur une distance conUnue. d travers le mat6riau polym^re permdaWe 
. d la substance active. 

2. Un systems selon la revendicatlon 1 . caract6fis6 en ce que te systfeme peut prfisenter difffirentes formes 
g6om6triques. 

3. Un syst6me selon la revendication 1 ou 2. caract6ris6 en ce que la forme g6om6trique est celle d'un tube 
creux form6 de deux mat6riaux polymferes. dans laquelle le mat^riau polymfere permeable ^ la substance 

30 active et le mat6riau polymfere relativement peu perm6able forment chacun individuellement une partie 

de la paroi. lesquelles parties de paroi forment un stratif 16 d base de deux couches s'enveloppant I une 
rautre darw une position de recouvrement partial pour fornrwr la parol du syst6me. 

4 Un systfeme selon la revendication 3. caracl6ris6 en ce que le mal6riau polym6re perm6able k la subs- 
35 tance active et te mat6riau polymfere relativement peu perm6able sont associ6s pour former la parol du 

systfeme sous forme d'un stratifi6 a base de plus de deux couches chacune individuellement 6tantform6e 
tfun des mat6riaux polymferes, lesdites couches s'enveloppant I'une Tautre dans une position de recou- 
vremertt partial. 

40 5 Un syst^me selon la revendication 3. caract6ris6 en ce que les parties individuelles de paroi de matferiau 
polymfere perm6able & la substance active et de mat6riau polym6re relativement peu permfeable ^ la subs- 
tance active se composent d'une paroi unicouche. 

Un systftme selon la revendication 1. caract6ris6 en ce que la combinaison tfau moins deux mat6riaux 
poiym^ diffferenls est choisie dans le groupe des polymferes biod6gradables consistant en pdyestere 
tels que acide polylaclique. adde polyglucolique. poly.(e-caprolactone). acide poly-O-hydroxybutyrique). 
poly(hydroxyval6rate). poly(orthoesters). addes poly(a-amin6s). induant les esters d'adde polyglutami- 
que polydepsipeptides. pdyanhydrides et polyphosphazftnes et tous les polym6res en d6rivant, les co- 
polym6res ou les copdymferes s6quenc6s ainsi que les st6r6ocomplexes de polymferes form6s de mo- 
50 nomferes optiquement actife de ces groupes. 

7. Un syst6me sdon la revendication 1 ^ 6. caract6ris6 en ce que les substances actives sont des medica- 
ments. 

8. Un systeme selon la revendication 6. caract6rise en ce que les substances actives sont des d6riv6s cy- 
^ tostatiques. 

9. Un systfeme sdon la revendication 1 A 6. caract6ris6 en ce que les substances actives sont des hormones. 
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10. Un syst&me selon la revendication 1 d 6. caract6ris6 en ce que les substances actives sent des peptides. 

11. Un syst^me selon la revendication 1 a 6, caract6ris6 en ce que les substances actives sont des insectj- 
cides, des herbicides^ des ph6romones ou des insectifuges. 

1Z Un systdme seJon la revendication 3 d 11. caract6ris6 en ce que le dtamdtre ext6rieurdu tube creux n'est 
pas sup6rieur a 5 mm et la longueur n*est pas sup^rieure & 10 cm. 

13. Un systdme selon la revendication 12, caract6ris6 en ce que. pour una application humaine, le diam^tre 
ext^rieur du tube creux est de 1»8 mm et la longueur est de 4 cm, et pour une application v6t6finaire, le 
diam&tre ext^eur du tube creux est de 3 mm et la longueur est de 5 cm. 

14. Un sysl6me selon I'une des revendication 1^13, caract6ris6 en ce que la drff6rence de perm6abilit6 d 
l*6gard de la substance active peut fitre modif i6e, pour la combinaison employee de mat^riaux polymfexes, 
lorsqu'ils sont au moins au nombre de deux, par ajustement de la porosltd relative mutueRe desdits au 
moins deux matdriaux polym6res. 



9 




FIG. 3a FIG.3b 

10 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES ^ 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ] .. 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



